Results: 65 790 patients (mean age 63.0 years, men 57.5%, mean follow-up 41.0 months) were included, of whom 49 707 (75.6%) patients had at least one test in 1 year after antidiabetic drug initiation and 59 400 (90.3%) had at least one test any time during follow-up. Proteinuria monitoring decreased with time since initiation of antidiabetic drug therapy and with number of treatment changes and was independently associated with age, sex, smoking status, and year of antidiabetic drug initiation. 12.3% of patients with T2DM tested had a positive proteinuria test for the first screening performed in 1 year after initiation of antidiabetic drug therapy.
INTRODUCTION
Nephropathy is an established complication in patients with type 2 diabetes mellitus (T2DM). Common risk factors for renal disease include older age, men, 1 ethnic minority status, 2 cigarette smoking, 3 hypertension, and poor glycemic control. 4 The UK National Institute for Health and Care Excellence (NICE) guideline on diabetes recommends at least annual monitoring of patients with T2DM for proteinuria. 5 Proteinuria may be monitored qualitatively, using a dipstick method, 6 or quantitatively by assessing 24 h or a spot urine for urinary protein or albumin. 7 Owing to different detection limits and different false-positive and false-negative rates in albuminuria test methods, the NICE guideline recommends repeating a urinary test if an abnormal albumin: creatinine ratio is obtained at each of the next two clinic visits but within a maximum of 3-4 months. 7 Limited publications are available on the frequency of proteinuria, proteinuria monitoring, and its associations with renal disease risk factors in patients with T2DM. 8 The purposes of this study were to (1) assess the frequency of proteinuria monitoring in patients with T2DM; (2) understand the association between proteinuria monitoring and renal disease risk factors in patients with T2DM, and whether the frequency of proteinuria testing varies by age, sex, smoking status, history of hypertension, renal complications, and antidiabetic drug therapy; and (3) evaluate the prevalence of proteinuria in patients with T2DM in the UK.
Key messages
▪ In a nationally representative type 2 diabetes mellitus (T2DM) patient population aged 40 years or older, proteinuria monitoring in 75.6% of patients was compliant with the UK National Institute for Health and Care Excellence (NICE) guideline. ▪ Proteinuria monitoring decreased with time since start of diabetic drug therapy and with number of treatment changes and was independently associated with age, sex, smoking status, and year of antidiabetic drug initiation. ▪ In total, 12.3% of patients with T2DM tested in the first year after antidiabetic drug initiation had the first proteinuria test positive.
RESEARCH DESIGN AND METHODS Study design
A retrospective cohort study was conducted using the UK Clinical Practice Research Datalink GP OnLine Data (CPRD GOLD, formerly known as General Practice Research Database, or GPRD). As an electronic medical record database, the CPRD includes patient and practice information, medical events, prescribed therapies, and information on other areas of care such as tests, lifestyle factors, immunizations, and specialty consultation notes from referrals. It has been available since 1987 and represents over 9% of the UK population as of 29 July 2013.
Study population
Patients who initiated antidiabetic drug therapy during 2007-2012 in the CPRD formed the study population. The date of the first ever antidiabetic drug prescription was defined as the cohort entry date (CED).
Patients were eligible if they (1) came from a general practice that was 'up to research standard' on CED, (2) had 'Acceptable Quality Standard' data, including known year of birth and sex, (3) were continuously with a general practice for at least 1 year before and after the CED, and (4) were at least 40 years old on the CED. The rationale of this age restriction was to minimize the possibility of patients with type 1 diabetes to be included in this study.
Patients with a diagnosis of type 1 diabetes mellitus, gestational diabetes mellitus, diabetes insipidus, or secondary or other forms of diabetes mellitus, including nutritional, genetic, postsurgical, and drug-induced or chemical-induced diabetes, at any time during the study period were excluded.
All information for the study population was de-identified, and no patient enrolment or medical chart review was involved. This study protocol was approved by the CPRD Independent Scientific Advisory Committee (ISAC) for Medicines & Healthcare products Regulatory Agency (MHRA) Database Research before study conduct.
Exposure, outcomes, and covariates
The primary outcomes were the percentage of patients who had at least one test within 1 year after CED, and the time to the first test for proteinuria, microalbuminuria, or albuminuria (hereafter collectively termed proteinuria) after CED or during specific substratum of follow-up time (1, 2, 3, 4, and ≥5 years after the CED). A test for urinary albumin or urinary protein was considered undertaken if a medical code in a clinical or test record or an entity type in a test record indicated that a test was performed. Follow-up period ran from CED to the earlier date of proteinuria screening test or end of the patient medical record in CPRD, which could be patient death, or the transfer out of the general practice, or the end of the study period (29 July 2013).
The secondary outcomes were the percentage of first test results ( performed in year after CED) that were positive, negative, or unknown for proteinuria and the percentage of second test results that were positive, negative, or unknown for proteinuria between 14 and 90 days after the first screening test. The 13-day window from the first test was assumed to be the time required to obtain the results of the first test and any laboratory tests associated with the first test. The 14-90-day window from the first test was assumed to be the time required to get the second tests performed. A test result was considered positive if there was: (1) value that exceeded the predefined threshold for valid values. From the conservative side, patients with a positive result and a negative result on the same day were considered to have a positive result. The algorithms to retrieve valid laboratory values and the predefined thresholds for valid values were presented in online supplementary figure S1 and table S1. All baseline characteristics were considered covariates in this primarily descriptive analysis. They consisted of age at cohort entry, sex, smoking status (based on most recent smoking status prior to CED), history of hypertension (based on a Read code diagnosis of hypertension any time before the CED), year of an antidiabetic drug initiation, and history of diabetic renal complications (defined as a diagnosis of albuminuria, proteinuria, diabetic nephropathy, nephrotic syndrome, chronic renal disease, renal failure, dialysis, or renal transplant at any time before CED).
The antidiabetic medications were classified into α-glucosidase inhibitors, amylinomimetics, biguanides, dipeptidyl peptidase-4 inhibitors, glucagon-like peptide-1 agonist (aka incretin mimetics), insulins, meglitinides, sodium-glucose cotransporter 2 inhibitors, sulfonylureas (SU), thiazolidinediones (TZDs; pioglitazone or other TZDs), and miscellaneous antidiabetic agents. To describe proteinuria monitoring after antidiabetic drug initiation, several variables were defined using data after CED: (1) time since start of antidiabetic drug therapy, or the duration of treated diabetes. (2) Three antidiabetic drug treatment periods were constructed: the first period ran from the date of antidiabetic drug initiation to the date immediately before the first change in treatment; the second period ran from the date of the first change in therapy to the date immediately before the second change in treatment; and the third treatment period ran from the second change in therapy to the date immediately before the third change in treatment.
The first treatment was considered a monotherapy if only one antidiabetic medication was prescribed within 7 days after CED; otherwise, the first treatment was considered a combination therapy. A combination therapy could be a fixed-dose combination or more than one single agent that were used with an overlap of at least 30 days, except for a fixed-dose combination of insulin (eg, short-term act aspart and long-term act protamine together), which was considered insulin monotherapy. If insulin was used with other non-insulin agent for at least 30 days of overlap, it was considered a combination therapy. The end date of a medication was defined as the last date of the medication prescription plus 60 days. The second treatment could be an add-on therapy or a switch therapy (from one drug class to another). An add-on therapy was defined as a new prescription added to the pre-existing medication with at least 30 days of overlap. A switch therapy was defined as an overlap of 0 to less than 30 days. A change in drug dose only, a switch from a combination therapy to a fixed-dose combination therapy of same drugs, and a switch from one drug to another in same class were not considered a change in therapy.
Statistical analysis
Baseline characteristics were expressed as means and SDs for continuous variables and as frequencies and percentages for categorical variables. The percentage of patients who had at least one test within 1 year after cohort entry and at any time during follow-up was analyzed by each baseline characteristic. The time to the first proteinuria test was presented as a median and IQR (Q1-Q3) overall as well as stratified by baseline characteristics among those with at least one test during follow-up. A χ 2 test (for trend) and a Wilcoxon rank-sum or Kruskal-Wallis test was used to test proportions and the median time to the first test, respectively, for statistical significance ( p<0.05) among groups. Sensitivity analysis was performed for patients who did not have a history of diabetic renal complications. Similar analyses were conducted by time since start of antidiabetic drug therapy, antidiabetic treatment periods, and antidiabetic treatment courses (metformin, SU, etc). To remove the impact of variable follow-up time among patients, analyses by treatment periods and treatment courses only included those who had medical records covered at least 1 year after the start of the period or treatment course; and only proteinuria tests that were performed within 1 year after initiation of each treatment period/course were counted. In addition, the substratum analyses were further stratified by a history of diabetic renal complications. Data for treatment periods/courses with at least 500 users were presented.
Among patients with the first test undertaken in 1 year after cohort entry, the percentage of patients with the first test result status ( positive, negative, and unknown) was calculated overall as well as by baseline characteristics. In addition, the percentage of these patients with a second test undertaken between 14 and 90 days after the first test and their second test result status were further analyzed.
Finally, a Cox proportional hazards model was used to estimate the HRs of having the first screening test among groups while adjusting for age (40-49 (reference), 50-59, 60-69, 70-79, 80+ years), sex (female (reference), male), smoking status (never-smoker (reference), current smoker, former smoker, and unknown smoking status), history of hypertension (no (reference), yes), year of cohort entry (2007 (reference), 2008, 2009, 2010, 2011, 2012) , and history of diabetic renal complications (no (reference), yes). All data were managed and analyzed using SAS software V.9.2 (SAS Institute Inc., Cary, North Carolina, USA). (see table 2 ) and there were more men than women (57.5% vs 42.5%). Over 60% had ever smoked (current 17.7% and former smokers 43.3%) and 55.4% had a history of hypertension. Cohort entry peaked in year 2009 and then tapered. In total, 13.2% of patients had a history of diabetic renal complications on the date of the first ever antidiabetic drug prescription.
RESULTS
In total, 75.6% of patients had at least one test for proteinuria in 1 year after CED; 90.3% of patients had at least one test at any time during follow-up (table 2) . The median time to the first test was 4.9 months, with the IQR from 1.1 to 11.9 months. The percentage of patients who had at least one test in 1 year after cohort entry increased with age but tapered for those aged 80 or over ( p for trend <0.0001). Conversely, the percentage of patients who had at least one test in 1 year after cohort entry seemed to decrease with year of cohort entry ( p for trend <0.0001). When patients with a history of diabetic renal complications were excluded, the percentage of patients who had at least one test followed similar patterns (see online supplementary table S2). No clear trend was identified for the median time to the first test, though p was significant for all variables except history of hypertension.
When we assessed the monitoring based on the substratum of follow-up time, the percentage of patients who had at least one test for proteinuria during observed year decreased with time since start of antidiabetic drug therapy (from 75.6% in the first year to 58.7% in the fifth year, see table 3). Notably, the annual test rate (all above 85%) seemed to be much higher among those whose treatment period or treatment course lasted for at least 1 year. Although percentage tested decreased with each of antidiabetic drug treatment (1st vs 2nd vs 3rd treatment: 98.5% vs 93.5% vs 89.8%), there appeared to be no differences between different treatment courses in the same treatment period. When stratified by diabetic renal complications, the first treatment period tended to have the highest percentage of patients with at least one test and the shortest time to the first test (see online supplementary table S3).
In the adjusted Cox proportional hazards model, increasing age, male sex, former smoker were associated with increased HR to receive the first screening test (table 4) . Compared with those 40-49 years old, the HR of receiving the first test increased as age increased, peaked at 70-79 years (adjusted HR=1.28, 95% CI 1.24 to 1.31), and then tapered for those aged 80 years or older. Recent year of antidiabetic drug initiation appeared to be associated with reduced likelihood of receiving the first test. Neither a history of hypertension nor a history of diabetic renal complications was found to be independently associated with the likelihood of receiving the first test.
Among those who had a proteinuria test within 1 year after CED (see online supplementary table S4), the percentages of patients with the first test positive, negative, or unknown were 12.3%, 45.9%, and 41.9%, respectively. The percentage of patients with a second positive, negative, or unknown result was 44.9%, 68.9%, and 64.7%, respectively, highest among those with the first test positive, negative, and unknown, respectively. The percentage of the first proteinuria test positive seemed to be higher in those with a history of renal complications at cohort entry (19.4%), those 80 years or over (15.9%), current smokers (14.1%), and men (13.6%; see online supplementary table S5). The percentages of unknown test results appeared to decrease with year of cohort entry, from 43.1% in 2007 to 40.7% in 2012, which might indicate the improvement in quality of laboratory data entry by the general practitioner (GP) across the years.
DISCUSSION
We observed an annual proteinuria test rate of 75.6% among patients with T2DM in the first year after antidiabetic drug initiation. The annual test rate decreased with time since start of antidiabetic drug therapy and with number of treatment changes. We also found that proteinuria monitoring during follow-up was independently associated with increasing age, men, former smoker, and year of cohort entry. Of those who were tested, 12.3% had a positive proteinuria result for the first test performed in 1 year after antidiabetic drug initiation.
The UK NICE guideline recommends that patients with T2DM should be monitored annually for urinary albumin. 5 In our study, 75.6% of patients with T2DM had at least one test in 1 year after antidiabetic drug initiation. A similar rate, 80.63%, 12 was reported by the Health & Social Care Information Centre (HSCIC) QOF report for 2011, although our analysis only included patients with T2DM aged 40 years or older who had initiated antidiabetic drug therapy, whereas the QOF report data included both type 1 and type 2 patients on the diabetes register who were 17 years or older. When the proteinuria test at any time during follow-up was counted, the proportion of patients who had a screening test increased to 90.3%. Our data suggested that the level of proteinuria monitoring in patients with T2DM was suboptimal and well below that recommended by NICE. When the monitoring was assessed based on the substratum of follow-up time, the annual test rate decreased with time since start of antidiabetic drug therapy and with number of treatment changes, which suggested that GPs tended to monitor the patients' renal function more closely shortly after the antidiabetic drug initiation. The test rate was also higher among those whose treatment period or treatment course lasted for at least 1 year. A further exploration revealed that those patients were more likely to be men (58.3% vs 55.7%), former smokers (44.5% vs 40.8%), and have a history of hypertension (57.6% vs 50.5%) than those who did not (all p<0.0001). We found that the proportion of patients who had a screening test tapered for those aged 80 years or above, consistent with the report that people over 80 are lower users of outpatient services than those in their 60s and 70s. 13 We also found that men were more likely to receive a proteinuria test than women. No literature was identified that compared the prevalence of proteinuria testing between men and women. Smoking is one of the main risk factors for the development of nephropathy. 3 14 15 Our finding of increased monitoring in former smokers was supported by the data from the US National Health and Nutrition Examination Survey (NHANES), which indicates that cigarette smoking is associated with higher healthcare utilization for former smokers than for never-smokers. 16 Former smokers are more likely than never-smokers to have ≥4 outpatient visits regardless of when they quit. As expected, neither a history of hypertension nor a history of nephropathy was found to be associated with shorter time to the first test. A few studies found that albuminuria reduction by antihypertensive drugs, ACE inhibitors, or angiotensin receptor blockers through inhibition of the rennin-angiotensin-aldosterone system has been associated with renal protection. Some patients with T2DM with a history of hypertension may already have nephropathy. 17 18 The GPs can exempt patients with proteinuria from inclusion in the QOF, so-called 'exception reporting'. 12 We found that among 49 707 (75.6%) patients with at least one test performed in 1 year after CED, 12.3% had proteinuria based on the first test. Considering 13.2% of 65 790 patients with T2DM had a history of nephropathy at CED and 41.9% of 49 707 patients had first test result unknown, our finding that 12.3% of patients with T2DM had proteinuria was likely to be an underestimate. An exploration of the unknown quantitative laboratory results in the CPRD data set indicated that the unknown result was due to data not entered (missing data, 98.7%), wrong or missing laboratory units (1.1%), unmatched medical code and laboratory entity type (0.2%), or outliers (0.01%). There are no UK national data on the prevalence of kidney disease in diabetes. Our finding, though underestimated, was quite similar to data from a large randomized clinical trial of patients with T2DM (n=994), 19 in which at diagnosis of T2DM, 12.8% had microalbuminuria and 2.1% had evidence of proteinuria. However, the prevalence of proteinuria and microalbuminuria increased to 14.5% and 2.5% at 3 years of follow-up, and 12.6% and 39.0% at 15 years of follow-up, respectively. Therefore, prevention of progression of kidney disease in T2DM is very important.
In the UK, diabetes is managed in primary care, with most primary care practices having specialized diabetic care clinics. As NICE guideline recommends at least annual monitoring of renal function and urinary albumin in patients with T2DM and monitoring of *Only patients who had at least one test for proteinuria during the specified period were counted. †Only patients who had at least certain years of antidiabetic drug therapy were counted at start of period assessed. For example, 23 879 patients had at least 4 years since start of antidiabetic drug therapy. ‡Only treatment periods/courses that lasted for at least 1 year were counted; and only proteinuria tests that were performed within 1 year after initiation of each treatment period/course were counted. Data for the most frequently used antidiabetic drug treatment with at least 500 users were presented. DPP4I, dipeptidyl peptidase 4 inhibitors; MET, metformin; PIO, pioglitazone; SU, sulfonylureas.
urinary albumin is part of the performance index in the NICE QOF, it is anticipated that the majority of the study population would have data on renal monitoring during the study period. Therefore, the CPRD GOLD primary care database is well suited for this study. Despite this, this study has some limitations. First, some laboratory data might not be recorded in the database. In the UK, the GP could enter the laboratory values in three ways: (1) enter them directly in the laboratory value field; (2) add a comment to the computer system with the laboratory value; (3) attach a pdf file with the laboratory data. Laboratory values entered with a GP's comment or in an attached pdf file are not captured in the CPRD research databases. The percentage of patients who had a test within 1 year after initiation of antidiabetic drug therapy could be higher than what we observed (75.6%). Second, the CPRD laboratory data have the following limitations: (1) there were a range of laboratory tests available. It was not always possible to tell which test was used. (2) It was not always clear which laboratory units (mg/L, mmol/L, mg/d, data not entered) were used. (3) Sometimes there were mismatches between MedCode and Enttype in the laboratory file, so it was not clear which test the data referred to. Where the data were not clear, we set the laboratory results as unknown. (4) The results for tests undertaken in the urology clinics might not be recorded in the CPRD. Finally, we did not assess the monitoring by ethnicity. Study findings from this study can be well generalizable to the UK T2DM patient population aged 40 years or older but may not be generalizable to other countries in the world with a different ethnicity distribution or a different healthcare system.
In a nationally representative sample of the UK T2DM patient population aged 40 years or older, we demonstrated that proteinuria monitoring in T2DM population was suboptimally compliant with the UK NICE guideline and was independently associated with age, gender, smoking status, and year of cohort entry. It decreased with time since start of diabetic drug therapy and with number of treatment changes. Given the importance of prevention of kidney disease progression, future studies should assess the rate of renal function decline among patients with T2DM and examine whether the renal function would get better among those patients who receive proteinuria screening following the guideline. 
